Processing and properties of Na-doped porous calcium polyphosphates - Mechanical properties and in vitro degradation characteristics.
Porous calcium polyphosphate (CPP) is being investigated for use as a biodegradable bone substitute and for repair of osteochondral defects. The necessary requirements for these applications, particularly in load-bearing sites, include sufficient strength to withstand functional forces prior to bone ingrowth and substitution of the initial porous CPP template with new bone and cartilage (for osteochondral implants) in a timely and efficacious manner. The present study explored the effects of Na+ doping and processing to form porous structures of both higher strength and faster degradation than previously reported for 'pure' (non-doped) CPP structures of similar geometry. Compressive and tensile strengths were determined before and after 30-day in vitro degradation (PBS, pH 7.1 at 37 °C) and degradation rates assessed. Scanning electron microscopy (SEM), x-ray diffraction (XRD) and solid state nuclear magnetic resonance (31P SS NMR) were used to evaluate 'pure' and Na-doped CPP samples before and after degradation. The results indicated that the different processing protocols required to prepare samples of similar volume % porosity (a 2-step procedure with a Step-1 sintering temperatures equal to 575 °C being used with the Na-doped samples versus a 585 °C Step-1 treatment for 'pure' CPP) resulted in an approximate 1.5- to 2-fold increase in strength (tensile & compressive respectively) and 2-fold increase in degradation rate of Na-doped CPP compared with 'pure' CPP. This difference was attributed to the different Step-1 sintering temperatures used for sample processing.